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during vacations spent on a large Ontario farm owned by his grandfather, James King. Louis became very fond of animals-particularly dogs and horses-and he was a good rider.
Mrs James King ( nee McKenzie) was a member of a family that from Edinburgh to Canada. Her brother, Malcolm McKenzie, made a most remarkable record as a law student at Victoria College, Toronto. This brilliant young man was one of the few Canadians killed in the Fenian Raids. The tragic loss to Canada is indicated by the erection of an obelisk at Woodstock, Ontario.
This record of high achievement under pioneer conditions had a strong influence on Louis which he proudly acknowledged. It must be added, however, that in the home an energetic mother encouraged every good interest. Indeed, the vivacity, natural charm and culture of Mrs Alonzo King stimulated lively discussions in her completely bilingual home, and friendships thus formed with distinguished visitors were eventually enriched as the exceptional gifts of both her son and her daughter were realized.
At the Montreal High School Louis was always the youngest member of his class and always received the highest honours and awards. This standard arose not only from his exceptional abilities but also from his habit of studying beyond the range of the curriculum. While still a boy, he took Ganot's Physics to bed with him in order to satisfy his interest in a more complete presenta tion of elementary physics.
In 1901 he graduated from High School and entered McGill University; during his undergraduate years physical science was rapidly expanding at McGill due to the separate efforts of Professors Barnes and Rutherford. Although proof of the disintegration of the 'atom' came in the middle of his course and provided a rare scientific stimulus which was supplemented by a deep friendship between Rutherford and King, it was Barnes who had the greater influence on his early experiments and indeed on his life work, in which radioactivity does not appear.
In those historic years young King demonstrated talents so exceptional that upon graduation he was advised to try the Mathematical tripos at Cambridge. A special scholarship was awarded for the purpose and he entered Christ's College in the autumn of 1905.
Although his letters to the family indicated that in his opinion his talents might have been adequately developed by the solution of a smaller number of problems, King loved Cambridge. The new friends, an additional interest in good music, rowing for his College, Paris in vacation time, these were his new joys. Upon his return to Montreal, he and his sister joined in piano duets.
King immediately was given an appointment at McGill University and was rapidly advanced in academic rank. He was appointed demonstrator in physics in 1909, lecturer in 1910, assistant professor in 1913, associate pro fessor in 1915 and finally Macdonald Professor of Physics in 1920. Thus at the early age of thirty-four years he held the position already made famous by Callendar, Rutherford, and Barnes.
King was at his best when he combined invention with mathematical analysis and put the whole affair on a practical working basis. Such was the case with his hot-wire anemometer and his tunable diaphragm for fog-alarm systems. He found much pleasure in providing elegant solutions to problems already solved by distinguished scientists as, for example, the mutual induc tion between two coaxial circles previously treated by Maxwell and by Gauss.
By inclination, King retained strictly classical methods of analysis. Over a short period, indeed, he made a rather determined effort to interpret the quantum theory in classical terms.
Most successful as an independent research worker, King had only a few post-graduate students. For some years he hoped to expand his activities through the establishment of what he called a mathematical laboratory. In this laboratory he planned to train students in the use of advanced practical mathematics and approximations. Thus a group of post-graduate students might be formed with training and interests similar to his own.
In the early autumn of 1938 King felt the approach of a recurrent mental illness and said to the writer 'My work at McGill is finished'. During the remaining years of his life, indeed, he did no scientific work. Tragically enough, one year after his retirement war came: and then King and his students would have been very welcome and very useful. During the first year of the war one often heard the remark, with reference to microwave problems, 'Here is where Louis King might have come in.'
Scientific work
Convection of heat from a cylinder of any form of cross-section in a stream of fluid was examined by King in theory and in experiments.
The general theoretical problem was solved through Boussinesq's trans formation and calculation of heat loss per unit length was made under an assumed constant flux over the boundary. King discussed the hypothesis of constant flux in terms of his experience and also the question of temperature very near the cylinder.
The supporting experimental investigation was conducted in the exhaustive manner introduced at McGill by Callendar and Barnes. A small wire was set up in a fork and rotated with axis of rotation parallel to the wire. Correc tion of velocity for 'swirl' was experimentally determined in an ingenious manner. While the local background of knowledge of the behaviour of platinum wire in thermometers was useful, a 0-25 per cent error persisted in the temperature as determined by resistance. The radial temperature gra dient was found to be negligible, but corrections were made for the cooling effect of leads and (when necessary) for the vibration of the wire. King's theory suggested that the velocity might be determined from W, the average heat loss (observed by electrical measurements) through the relation
where V is the velocity of the air; B and C are functions of temperature and
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The practical aspects of his anemometer were presented by King in the Journal of the Franklin Institute. In appreciation of the quality of this publica tion, the Institute awarded to King a Howard N. Potts Gold Medal 'For his improved method and researches in hot-wire anemometry'. This award was all the more remarkable since a like Medal was received by Dr A. E. Kennedy of the Massachusetts Institute of Technology for his work in the same field.
During the First World War King invented a continuously tunable dia phragm for sending and receiving underwater sound. Earlier experience with existing equipment had indicated the need for a tunable device. This work he published with complete theoretical and experimental details.
A heavy central portion of the three inch circular diaphragm-intended to be rigid-was supported by a relatively light and flexible annulus tapered from the inner radius, r, to the outer radius, 2 The one continuous piece of steel included a very heavy outer rim skilfully fitted to a heavy bronze mount which closed the system airtight. Tuning was realized by increasing (or decreasing) the gas pressure in the enclosure, thus placing the annulus under tension and increasing the natural frequency. This method of tuning was tested by using the diaphragm as part of a simple microphone receiver immersed in a tank of water inside a ship. It was learned that the natural frequency was readily changed by 50 per cent. Many of these diaphragms have been used in submarine fog-alarm systems set up in Canadian and U.S. waters.
Soon after his return from Cambridge, King developed, on classical grounds, the general integral equation for radiation scattered by a uniformly illuminated gas and included in his analysis the effect of self-illumination, i.e. the aggregate radiation reaching each element from all other gas elements. An approximate solution was found to apply to sky radiation observed on a flat earth. The expression for intensity of radiation of given wavelength as viewed in any direction at any time includes terms allowing for attenuation of incident and scattered radiation, attenuation by absorption alone and the contribution from self-illumination. This last radiation is largely unpolarized and King considered it mainly responsible for the lack of complete polariza tion of sky radiation. The closing analysis of the observations made by others at Washington and Mount Wilson makes this work a standard of reference. A contemplated analysis of effects in the atmosphere of the sun intended to provide understanding of the total departure of observed sunlight from blackbody radiation was not carried out.
Ten years later, Professor King gave in classical terms a general dispersion theory in which he assumed a complex anisotropic molecule whose numerous principal directions of elementary vibrations were not parallel. Expressions for the intensity of light scattered at any specified angle with reference to the incident beam and the corresponding coefficient of extinction were found to be invariant with respect to details of molecular structure.
Field work in geophysics by Eve and Keys suggested to King the following problem, viz. to learn the nature of strata from the observed potential gradient between two point conductors on the free surface. For the purpose of analysis, King assumed that the strata were plane and of uniform thick ness or, in other words, that the electrical conductivity was a function of depth only. He recognized this as the fundamental problem of finding a solu tion for a single electrode from which current flows to infinity. A current function is found in terms of which surface potentials and gradients may be easily derived and the solution for practical conditions involving more than one electrode are found by addition. The current function and related quanti ties were worked out in detail for several special cases.
The ultra-sonic radiation field from a rigid circular disk moving with constant amplitude in an infinite rigid and closely fitting wall was examined in detail by King with particular reference to sea water. The velocity poten tial was expressed as an infinite integral involving cylindrical co-ordinates. It was learned that viscosity has little effect on the field near the disk, but causes a marked limitation in range. For given oscillator output and range required, there is an optimum wavelength which may be read from charts provided.
A study of electromagnetic shielding in the kilocycle range enabled King to calculate shielding ratios for thin conducting shields and these he carried out for spherical and open cylindrical shapes. The shape proved to be rela tively unimportant, but material of high permeability proved very effective at the higher frequencies. Even so, shielded radio transformers will induce currents in the soft iron shield and lead to appreciable hysteresis losses. In this case King concludes, the iron should be protected by an inner non magnetic shield of low resistance.
The last paper by King dealt with the characteristics of a perfectly conduct ing cylindrical antenna insulated from a perfectly conducting flat earth. His introductory and concluding remarks are quoted below.
'The art of radio-broadcasting has in recent years directed attention to the radiation characteristics of the vertical antenna in circumstances where the height is comparable to the wavelength A. Existing theory generally assumes a sinusoidal distribution of current along the antenna. By integrating Hertz's expression for the radiation field of a current element it is indeed possible to obtain expressions for the electric and magnetic vectors of the entire antenna, and ultimately, by making use of Poynting's theorem over a very large hemi sphere, to arrive at the well-known expression for the radiation resistance. Such an antenna, known as a sine-wave antenna, gives results in tolerably good agreement with observation as long as //A does not exceed 1 /4. This theory, admittedly imperfect, predicts sharp nodes of current along the antenna when //A>l/2, with the result that the radiation resistance cal culated with respect to the current at the base of the antenna tends to infinite x 06
Biographical Memoirs values at 1/ A = 1/2, 3/2, 5/2 . . ., etc. Then again the theory of the sine-wave antenna ignores a prescribed boundary condition over the surface of the conductor. In the case of a perfectly conducting antenna this requires that the component Ez of the electric field along the antenna should be zero over a cylinder of radius p = a .The sine-wave solutio components of Ez in phase quadrature, neither of which is zero along the antenna, while one of them tends to infinite values at the foot and at the top of the antenna.
'Careful measurements of current distribution along an antenna of uniform cross-section have recently been carried out by Professor P. O. Pedersen (1935) at Copenhagen. His results for //A == 0 * 581 show that the root mean square of current is approximately sinusoidal, but shows a minimum instead of a zero value at the node anticipated by the theory of the sine-wave antenna.
'Many attempts have been made to improve the theory of the antenna by the use of the familiar transmission-line formulae. Results obtained by this means are admittedly imperfect and incorrect in principle, since the ideas of self-induction and capacity per unit length of conductor are based on the existence of electrostatic and magnetic potentials. When the dimensions of the antenna are comparable with the wave-length, such potentials must be replaced by wave-potentials, and in these circumstances it is difficult to estimate the accuracy of line-transmission calculations.
'It might be thought that from the measured current distribution it would be possible by integration of the field due to each current element, to arrive at expressions for the electric and magnetic vectors, and hence at an evalua tion of radiation resistance. It turns out, however, on examination of the problem according to the electromagnetic field equations, that prescribed boundary conditions along the antenna lead to two components of antennacurrent in phase quadrature, the relative amplitudes of which vary with distance from the earth. Measurements, however, are only capable of giving the root mean square of these components. Unless the two components can be resolved separately by more refined observations, the method of integrat ing the root mean square of current is theoretically incorrect and cannot be expected to give more than somewhat rough results. 'It will be seen from this brief review of the situation that a .solution of the antenna problem in terms of the electromagnetic field equations only, with due regard to the boundary conditions along the conductor, is desirable. The solution of the problem as developed in the following sections is found to depend on an integral equation. A first approximation of sufficient accuracy to be of interest as a practical solution, is obtained by analytical methods. Second and higher approximations, however, lead to refractory integrals whose evaluation is only possible by quadratures or methods of machine integration.'
